We describe the Polarization Synchrotron, an experimental implementation of a superluminal (faster than light in vacuo) polarization current distribution that both oscillates and undergoes centripetal acceleration. The prototype machine produces tightly-beamed monochromatic radiation in the 100s of MHz range. The technique should also have applications as a broad-band GHz-THz source.
the polarization. An oscillatory or accelerated J h emits electromagnetic radiation; this is the basis of conventional radio transmission and the use of synchrotrons as light sources. Here, the first cosine term produces motion of the polarization current, and the second modulates it [I] . The source speed v is determined by AI, with v>c obtained for AI I 149 ps. The most prominent emission is at the frequenciesf. = 1~ f Rl/2n [I-31.
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Experimental results: focused beams
Figs. 2 and 3 show typical angular distributions of radiation from the PS for two different danes of rotation (see insets).
Angle 8, (deprsss) Angle 8" (dsgrsss) Figs, 2 and 3 demonstrate several novel characteristics of superluminal emission from the PS. First, the emission is tightly beamed in both planes of rotation ont to several hundred Fresnel distances, in spite of the fact that the projection of the PS's area normal to the line of sight is -1 m x -50 mm; i.e. one of its dimensions is -h, the wavelength, whilst the other is << h. To produce a beam of this width, a conventional source, limited by diffiaction, would have to be many times larger [I] . Second, the emitted radiation from each volume element of the source comprises a Cerenkov-like envelope 11-31; hence the angle of emission is precisely controllable by adjusting the source speed Y (Fig. 2a) . Third, a model (curves in Figs. 2 and  3 ) of the source emission, including the effects of interference from the ground [I] , is able to reproduce the data with the experimental source speed as the only input parameter [I] . This shows that the PS achieves precise and reproducible control of the polarization current and demonstrates the validity of the theoretical descriptions of superluminal emission [2, 3] .
T h e cusp a n d circumvention of inverse square decay As mentioned above, the radiation emitted from each volume element of the PS comprises a Cerenkov-like envelope; this possesses two sheets that meet along a cusp [1] [2] [3] . These cusps spiral upwards and outwards from the source, and each represents the locus of observation points that a given source element approaches with the speed of light and with zero acceleration at various emission times [I-31 . This results in the detection over a short observation time period of radiation emitted over a considerably longer period of source time. Consequently, the intensity of the radiation in the direction of these cusps will decline more slowly with increasing distance from the source than would the emission from a conventional antenna [2, 3] . Note, however, that energy conservation is not violated; large intensities on the cusp are compensated by weaker radiation fields elsewhere; the propagating cusp is being constantly reconstructed from conventional (i.e. spherically-decaying) waves that combine and then disperse. Fig. 4 compares some of the novel features of the cusp radiation ( Fig. 4b) with "conventional emission" obtained by running the PS at subluminal speed (Fig. 4a) . First, note that the interference fringe (due to reflections from the ground) visible at around loglo(R) = 2 in (a) is absent in @); this shows .' " " * ' -7.5
. . [I] . In both (a) and (b), data are points; the curves are fits to models described in Ref. [I] that allow the free-space variation of the power with R to be extracted.
that the cusp radiation is very tightly beamed, as expected [1, 2] . Second, at larger distances, the detected power falls off with distance more slowly in (b) than in (a); fits using models in Ref. [I] including the effects of ground interference show that the "conventional" emitted power (a) would decline in free space as 1/R2, whereas the cusp emission @) would fall off as IIR, i n line with theoretical expectations [2] . Finally, the data in (b) possess a greater "scatter'" than those in (a). This occurs in spite of the fact that the detected power is -50 dB above the noise floor; moreover, the scaner is to a large extent reproducible. This is an effect analogous to laser "speckle"; on the cusp, the source emission is effectively coherent [1,2].
Future activities; THz and GHz emission
Owing to two mathematically rigorous consequences of the familiar classical expression for the retarded potential [(i) the retarded time is a multivalued function of the observation time; and (ii) there are space-time discontinuities in the source's density distribution caused by its centripetal acceleration], the PS will also emit broadband radiation in the THz region [2] . This radiation mechanism has been simulated theoretically, and experimental investigations will commence shortly.
